Abstract. "Radiomics" is a process of extracting a great quantity of descriptive features from biomedical images that can be used for prognosis. One of the major challenges of radiomics is to acquire the features that reproducibility and non-redundancy. The reproducibility of features dependent on the segmentation algorithm, and it should provide an accurate and reproducible result. In this study, a semi-automated segmentation method based on, which has an good effect for gray scale inhomogeneous of tumors was used to get tumor region for computed tomographic (CT) images of 35 non-small cell lung cancer (NSCLC) patients. A set of features (125 3D and 92 2D) was computed for each tumor region in the test/retest data set. In terms of comparing the intra-class correlation coefficient (ICC) with manual segmentation method in feature extracting, it is indicated that the features obtained by the method of on CV model has a better representative. A series quantitative feature of better reproducibility could be obtained. However, these features were redundant. A feature selection method based on sparse representation coefficient (SRC) was used to filter these redundant features. It is indicated that the features obtained by SRC have better non-redundancy through comparison the selection methods based on Pearson correlation coefficient (PCC) and symmetrical uncertainty (SU). Thus quantitative image features that reproducibility and non-redundancy provide informative and prognostic biomarkers for NSCLC.
Introduction
Lung cancer is the leading cause of cancer death and the second most diagnosed cancer in the United States [1] . In 2016, the disease is expected to cause approximately 158,000 deaths in the United States. And non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers [2] .The need to diagnose NSCLC at an early and potentially curable stage is thus obvious. Early detection of the disease of lung cancer through adopting lung computed tomography (CT) as the standard modality [3] .
In recent years, the concept of "radiomics" has been proposed. "radiomics" is a process of extracting a great quantity of descriptive features from biomedical images that can be used for prognosis [4] . In the previous work, it has been proposed that radiomics has an ability of capturing tumor heterogeneity and connecting with genomics. In prior work, it has been found that the reproducibility of features depend on the robust of segmentation algorithms, which should provide an accurate and reproducible results [5] . Furthermore, semi-automated segmentation have a better similarity index (SI) than manual segmentation (the SI of machine-segmented lesions SI >0.93, whereas the SI of manual segmentation SI was 0.73) [6] . In this article, a semi-automated segmentation method based on CV model was used twice (obtained 2 data set: test and retest) to get tumor region for CT images of 35 NSCLC patients (15 adenocarcinoma and 20 epidermoid carcinoma). According to this segmentation method, the problem for gray scale inhomogeneous of tumors is solved. In terms of comparing the intra-class correlation coefficient (ICC) [7] for test/retest (ICC=0.86  0.15), it is obvious that a series features of better reproducibility could be extracted by this reliable robust means.
In this study, a set of quantitative features which contain various information of tumor heterogenicity was computed, including size, shape, gray gradient histogram, gray level co-occurrence matrix, laws, and Gabor wavelet features. However, these features are all redundant. In the past few years, a variety of measures have been developed for feature correlation in feature selection. For example, Pearson Correlation Coefficient (PCC) and Symmetrical Uncertainty (SU) [8] , and they all can gets used for the evaluation of the correlation between features effectively without taking interaction between the correlation of categories into account, which leads to feature interaction is neglected during the procedural of feature selection [9] . Therefore, a feature section method based on sparse representation coefficient (SRC) was proposed for removing the redundant features effectively, which has a significant difference in reflecting the relevance between some feature and category variable in the database. Then support vector machine (SVM) classifier is employed to classify for 43 NSCLC patients (18 adenocarcinomas and 25 epidermoid carcinomas), and compare with the method based on SU and PCC individually. These Reproducibility and non-redundancy features played an important role in diagnosis and treatment for lung cancer patients. Thus quantitative imaging features that reproducibility and non-redundancy provided informative and prognostic biomarkers were obtained for NSCLC. The second row is the results respectively.
Materials and Method

Tumor Segmentation
One of the main challenges of Radiomics is tumor segmentation, which should provide an accurate and reproducible result [10] . In this paper, we use semi-automated segmentation algorithm based on CV model for 35 NSCLC patients to acquire ROIs. The CV energy model segments an input image
by minimizing the functional which makes the active contour C approaching the boundary of the object. Where, 1 c and 2 c are the average intensities inside and outside the contour C respectively, and 1 
Once the segmentation of all target lesions was deemed accurate sufficiently, statistics for each lesion, such as size, shape, and average density, all readily available. In order to evaluate the reproducibility of the features extracted from the CT image, we assessed 217 radiant features by calculating intra-class correlation coefficient (ICC). Intra-class correlation coefficient (ICC) was calculated to quantify the reproducibility of these features. 
Features Extraction
In this paper, we extracted a series of tumor features from the region of interest (ROIs) of segmented CT image, which can better reflect the heterogeneity of the tumor areas. 17 These features including size, shape, gray gradient, tumor gray histogram features, gray level co-occurrence matrix, Gabor wavelet, laws features.
Tumor size features contains univariate, bivariate and volume measurements features in pixel units as well as in native resolution. It contains density, asymmetry, compactness, and largest elliptical fit in the tumor region. Gray gradient histogram features analysis can be used to change the gradient information of the gray level. In this paper, we computed grads dominance, asymmetry, energy, mean, etc. Gray level co-occurrence matrix features are representing the spatial dependence of the gray level. We calculate the energy, entropy, moment of inertia and correlation of texture features in 0°, 45, 90° and 135° four directions. Gabor wavelet features can decomposes an image into four components, which based on the frequency, content and orientation. Subsequent iterations then repeat the decomposition on the low-pass/low-pass component from the previous iteration. Laws features are structured from a set of five one-dimensional filters which designed to detect a different type of structure in the image, and 125 features are computed on different group kernel and orientation approximately. 
Feature Selection Method
Although we began with a large feature sets compared to prior conventional radiologic analyses, it is expected that there may be redundancy in these features due to various limitations on the sample size, texture, and consistency in the population. Thus, to obtain the reproducibility of this informative feature sets; we filtered features on the basis of their reproducibility. In previous work, we have extracted features that include a large number of quantitative image information, whereas they are almost redundant. Pearson Correlation Coefficient (PCC) and Symmetrical Uncertainty (SU) are always used as a correlation measure to evaluate the correlation of features. This kind of measure usually reflect only the correlation between the two features, whereas did not reflect the influence of other features of them. Therefore, we used Sparse Representation Coefficient (SRC) to assess the correlation of these features. SSC is a reflection of the relevance of a feature under the influence of other features, which is a priority compared with other measures.
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The steps of feature selection method based on sparse representation coefficient are as follows (the input is sample set D and threshold value K ; the output is feature sequences P :
(1) Correlation Analysis. 
Experiment and Results
In this study, CV model algorithm was used for 35 non-small cell lung cancer (NSCLC) patients to get the region of interesting, and 125 3D and 92 2D features from the ROI were extracted. Intra-class correlation coefficient (ICC) was calculated to quantify there reproducibility of these features. Figure 3 shows the compare of ICC between manual segmentation method and CV model. It is indicated that the method of CV model algorithm has a good effect on feature extracted, which is reproducibility. In order to assess the ability of feature section method for non-redundant features, we tested the ability of classify on an independent 43 NSCLC, 18 adenocarcinoma and 25 epidermoid carcinoma samples. The classifier is support vector machine (SVM).
In this study, the values of K determine the number of feature selection in correlation analysis and result in the scale of redundancy of analysis. In this experiment, let 30 0   K . Figure 5 has shown the influence of K on the performance of SVM. It is suggested that recognition rate curve is stabilized gradually with K reversing 18 to 26 based on two experiments. Table 2 shows the recognition rate results of the classifiers compared the classification ability of feature selection method based on SRC, SU and PCC respectively. According to the experiment, we obtained a set of representative features that reproducibility and non-redundancy. We list it in Table 3 . (2) C20:Wave-6;C21:Wave-22
Discussion
Medical imaging is a component in modern medicine that as an important instrument for cancer staging and treatment response monitoring. In previous studies, it is generally utilized sub-fraction of tumor feature category to analyzed preliminarily for lung cancer patient, especially for NSCLC [1, 2] . Referring to radiomics in medical imaging, a large number quantitative features was extracted from tumor region of interesting (ROIs), which provided information in tumor heterogeneity, and expand the scope of clinical oncology. For example, it has been suggested 78% of the gene expression variability in hepatocellular carcinoma can be predicted by extracting features from CT image [3] .
The reproducibility of radio graphical feature extracted from CT image of NSCLC depended on the segmentation of accuracy for ROI [11] . Prior work has shown numerous algorithm for image segmentation, for example, region grow, quaternary tree and level set. In addition, it has been shown that the segmentation method based on CV module for the region of tumor is significantly. And in order to compare the segmentation with manual method, intra-class correlation coefficient (ICC) can be used to evaluate the coherence and reliability for measuring. The results in divided that the method of CV model with manual segmentation method has a better consequence in most features (see figure3).
Prior work has augmented RECIST and WHO measures to infer concordance consistency for automatically segmented lung lesions, which seem to be limited in describing the complex nature of the tumor [12] . In this study, we extracted a large number of features from ROI using the different categories as follows: size, shape, gray gradient histogram, gray co-occurrence matrix, laws, Gabor wavelet (see table1).
This representative features are also redundant, and SU and PCC is using to dimensionality reduction in former years. But they have nonsense for the relevance between feature and category. The method of feature selection based on sparse representation coefficient (SRC) provided a good method of feature selection. Then we used SVM to classify 43 NSCLC, 18 adenocarcinoma and 25 epidermoid carcinoma samples and the recognition accuracy is better than the method based on SU and PCC. It is considered the correlation between features and category compared with other feature selection methods. Therefore, quantitative image features that reproducibility and non-redundancy provide informative and prognostic biomarkers for NSCLC can be obtained.
Conclusion
In this paper, we proved that the effective method of feature selection to obtained reproducibility and non-redundancy features from lung CT images. According to using the segmentation method based on CV model, we get a tumor region of interesting for reproducibility features, and it has a better consequence in most features comparing the ICC with manual method. A feature selection method base on SRC was proposed to reduce the dimension and 21 features are representative features. These features have high ability to distinguish the tumor and informative and prognostic biomarkers for lung cancer patient
